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ABSTRACT

This paper discussés the need for an
accurate low wind speed measuring system
for the White Sands Missile Range Wind
Instrument Test Facility. It describes
a device that has been Installed in the
facility end which operates on the
principle of periodic eddy shedding on
the down-wind side of a cylinder. Also
presented is the specilal readout system
developed for the device.
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INTRODUCTION

Wind tunnels Jesligned for low-speed operation in the ranges below
80 miles per hour are used for the calibration and testing of wind-
measuring equipment. A tunnel of thls type is in use at White Sands
Missile Range (WSMR), New Mexico.

Facilities for this application have certaln stringent require-
ments relative to the precision of the tunnel wind velocity control
and measurement. This is particularly true for wind speeds in the
range of 10 miles per hour and less. The WS¥R z,ztem uiilizes s
comvination of impeller pitch and speed control to achieve incremental
ad justment capabilities of spproximately 0.l mile per hour in this
critical range. The instrument which has been found to measure the
wind speed most accurately at these values is the eddy shed hot wire
anemometer.

DISCUSSION

The eddy shed hot wire anemometer 1s Based on the Von Karmen
vortex street principle, which states, in essence, that when a
cylindrical object 1s placed in an air stream of parallel flow, there
will be developed, in the down-wind wake of the cylinder, perilodic
fluctuations or eddys (Figure 1). These periodic eddys have a frequency
which 1s dependent on the diameter of the cyliinder and the wind velocity
according to the relationship:

Y .
Frequency = 5~ (0.212 fgg = 4.5)

-

where Y = flow viscosity (Nominal value taken as 1. 62x10 ft2/sec)

d

cylinder diameter in feet

U

i

wind velocity in fps

gﬂ = Reynolds mumber,

Thiz holds for Reynolds numbers between 50 and 150. It is interesting
to note that the frequency is independeunt of changes in wire character-
istics. Frequency veriations with wind velocity for four different
cylinder dlameters ( 1233, .065, .032; and ,020 inch) are shown in Figures
2, 3, 4, and 5. _ o

Since these eddy frequencies follow such a close relationship to
d veloclty. they offer a very accurate means of measuring air flow
the wind tumnel. The critical lower wind speeds are in the range
in which the eddy shed cylinders offer optimum operation.
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To ubilize vhe effect discussed, a read-oal Sen3or 15 n=eded.
Past experimentation and development bas demonstrated that the periodic
cooling of a heated wire placed i the waks of the chinder (Figare 1)
provides a convenient mesne of sensling the eddy frequency. A phito-~
graph of the system ue=l ai WSMR 18 evmwn L2 Pigure £, ‘e ages ,mo.Ly
consists of four cylinierz or wlres with the hut wire probe pliaced
down wind. The prote can bhe placed bellnld amy one of the cylinders
at the proper distance, this placemeut belng most critical on the
smaller wires. The enblre wialt is placed in the test section of the
tunnel es shown in Figure 7.

One of the major pronlems is the very swall magnitode of the
signal developed in *the wire. I reusrirag eonalderable amplificatlion
to allow operations of read-out devides, T achieve this amplificatisn
satisfactorily, a speclal sensing and ampMfyicg system has been developed
for the White Sands Wind Test Facility. This is shown In Flare &
with a circult dlagram in Flguwe 9. The sensing wire s heated by a
three-volt dry cell hakhery iu serles wilh Reslsthor R-. Tae varlations
in current caused by the perio 12 coollzg raf the wire result in an
alternating voitage appearlisg acroig Bi. Tols wvoltags aspproximatss
a simisoidal fMnction.

The minute volitage is ompled into a Ltwo-stegs trspsistor ewplifier
with a voltage gain of mrar 7000 {77 ¢&) and sufficient output o
drive any of the read-ot devices .recgu:';:&i. I% can be woted that
transistor base g ,abiliza’f'* o Ls oob used besanse Lt was fouad thal
higher gain colld be axirleved withowd it, and the unit is always
operated in a stable tempereiire emviroament.

The entire ampil:ler Is contalned iz a well-shfelded tubuiay
housing (Filgurs 10). " wunly exbernmal element oo the immued is the
neated wire and it is ::n:_r.er% i by a cosxlsl l:ad nob over 40 inches
in length. This layx a ;red a mi: o ghray plolup and good
Input-to~cutped isciatima, Moz ampll iz powesred by an exhermal
nine~volt bathtery which operal wes the w_:*: :’:er' several monthe. Output
eovpling is Hhraongh s anaxta’ lazi i meg ot dsviesa.  Cabla
lewgth here is aobt critlesl 1 1% Zs noh aver &80 fest

'

Frequeney can be meascred by asy of ths comuonly msed methods.

Tw> devices are e'a:m‘ oy=d loeally.  Ous le asn ogolllognope with the
hot wire signal conected 4, She verbical lefileobion an ’. an awilo
generator conrechted e the & & Bf;‘ Jvasirg the gas ;r;::a‘:.m

fregrancy ard brerving the I the eddy shed :
an be determiaed. A szl that appears to offer

certaﬁ.n advanbages, 1s a fraz TH oglvae a direct desdimal
read out and, by uhm.hz.’v,,..\g; 3 =Y grester than one second,
an averaged value can b bl ! sppitoech has p““vu‘ o> be

mich easier to real and Y-"*M'*” =3 aooneany of TNES
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RESULTS

The system described hss heen in use for almost two years in the
White Sands Wind Test Facility and has proved to be the only reliable
method of measuring the low wind velocities. Stray signal pickup
has not veen cncountered, and signal output has been ample in the
required range. ILimitations on the useable wird velocity ranges
are primarily due to two conditions. First, at velocities over about
12 mlies per hour, the required cylinder diameter is too small to
produce eddys of measurable amplitude. Second, at velocities below
about 0.4 mile per hour the wind movement around the larger cylinder
becomes so random that readings are no longer possible, These con-
ditions do not limit the use of the tunnel becauase the threshold
veloelty of most of the wind instrumentation tested is above sbout
0.7 mile per hour. In addition, above 10 miles per hour, e prandtl
tube and a mean velocity hot wire provide accurate measurements.
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